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sures after PR was assessed. Both univariate and multiple lo-
gistic analyses were performed to evaluate the presence of 
independent predictors of the efficacy of PR.  Results:  One 
hundred and eight patients [49 males, mean age 71 years, 
mean forced expiratory volume in 1 s (FEV 1 ) 76% predicted] 
were included. After PR, there was a significant improve-
ment in 6MWD, TDI, and EQ-VAS score (p < 0.001). Changes 
in 6MWD and EQ-VAS score correlated with baseline FEV 1 , 
FEV 1 /vital capacity (VC), residual volume, transfer factor of 
the lung for carbon monoxide, and the number of exacerba-
tions in the previous year. Both univariate and multivariate 
logistic regression analyses showed that male gender, base-
line FEV 1 /VC <70%, and >2 exacerbations in the previous 
year were independent predictors of PR efficacy in terms of 
an improvement in 6MWD.  Conclusions:  Our study supports 
the inclusion of patients with bronchiectasis in PR programs. 
Clinical and functional baseline findings partially predict the 
response to PR in terms of exercise tolerance. Further pro-
spective, randomized, controlled trials are needed. 

 © 2015 S. Karger AG, Basel 
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 Abstract 

  Background:  International guidelines recommend the in-
clusion of patients with bronchiectasis in pulmonary reha-
bilitation (PR) to improve exercise capacity and health-relat-
ed quality of life (HRQoL). At present, the effect of PR in these 
patients has been poorly investigated.  Objective:  The aim of 
our retrospective analysis was to evaluate the effects and 
predictors of success for a PR program in patients with bron-
chiectasis not related to cystic fibrosis (non-CF bronchiecta-
sis).  Methods:  One hundred and thirty-five non-CF bronchi-
ectasis inpatients, allocated to a 3-week PR program, were 
retrospectively evaluated. Exercise capacity (6-min walk dis-
tance, 6MWD), dyspnea (Baseline/Transition Dyspnea Index, 
BDI/TDI), and HRQoL [EuroQol visual analogue scale (EQ-
VAS)] were assessed before and after PR. The relationship 
between baseline parameters and changes in outcome mea-
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 Introduction 

 Bronchiectasis not related to cystic fibrosis (non-CF 
bronchiectasis) is a persistent or progressive condition 
characterized by dilated thick-walled bronchi. Patients 
with non-CF bronchiectasis exhibit persistent or recur-
rent bronchial infection related to irreversibly damaged 
bronchi, with symptoms including cough, sputum pro-
duction, wheeze, dyspnea, and decreased exercise toler-
ance  [1, 2] . Importantly, bronchiectasis is often charac-
terized by airflow obstruction, which can significantly 
improve after the administration of bronchodilators  [3] . 
Pulmonary function and exercise capacity often deterio-
rate with time, despite adequate medical interventions, 
such as antibiotic treatment and bronchodilators  [4] . The 
causes of dyspnea and reduced exercise capacity are mul-
tifactorial: altered pulmonary mechanics, inefficient gas 
exchange, decreased muscle mass, and confounding psy-
chological morbidity lead to a progressive detraining ef-
fect  [1, 2] . Individuals with non-CF bronchiectasis may 
also show a health-related quality of life (HRQoL) im-
pairment  [5] , even at a young age  [6] .

  Pulmonary rehabilitation (PR), a multidisciplinary ap-
proach to treat patients with chronic lung diseases, is cru-
cial for the management of chronic obstructive pulmo-
nary disease (COPD) patients  [7] . Since PR has tradition-
ally focused on patients with COPD, its effectiveness in 
other chronic lung diseases has received little attention 
 [8] . The rationale for recommending PR to patients with 
non-CF bronchiectasis relies primarily on physiological 
reasoning and on the similarities between this disease and 
COPD  [3, 5] . Moreover, since the pathophysiology of 
non-CF bronchiectasis involves more factors than only 
airflow obstruction, PR might represent a useful tool also 
for patients without airflow obstruction  [9] . A dissocia-
tion of lung function, dyspnea ratings, and pulmonary 
extension in bronchiectasis was observed by Martínez-
García et al.  [10] , whereas Lee et al.  [11] , in an objective 
assessment of the bronchial tract involved and in a sub-
jective assessment of HRQoL, identified the major deter-
minants of the 6-min walk test (6MWT) in bronchiecta-
sis. These prospective studies on the effect of PR in pa-
tients with non-CF bronchiectasis showed short-term 
improvements in exercise tolerance and HRQoL follow-
ing a combination of lower limb endurance and strength 
training (but regardless of inspiratory muscle training) 
 [12]  or regular airway clearance therapy  [9, 13] . Long-
term improvements were observed only for the frequency 
of acute exacerbations and the time to first exacerbation 
 [9] . Additionally, two retrospective studies demonstrated 

positive effects in exercise capacity and HRQoL, compa-
rable to those observed in patients with COPD  [14] , and 
in pulmonary function, but not in exercise capacity  [15] . 
To date, no study has been specifically planned to assess 
the predictors of PR efficacy in patients with non-CF 
bronchiectasis.

  Therefore, the aim of this study was to examine the ef-
fects of a PR program in patients with non-CF bronchiec-
tasis and to determine whether simple clinical and func-
tional baseline parameters could be considered predictors 
of a positive effect of a PR program in these patients. Using 
a large Italian database of inpatients undergoing a 3-week 
intensive PR program, we retrospectively evaluated the as-
sociation between baseline characteristics of non-CF 
bronchiectasis and the outcomes of the PR program.

  Methods 

 Design of the Study 
 A retrospective analysis was performed on data collected from 

patients with non-CF bronchiectasis admitted to the IRCCS Reha-
bilitation Institute of Tradate, Salvatore Maugeri Foundation, 
from January 2007 to December 2013.

  On day 1, patients underwent medical evaluation (medical his-
tory and physical examination), pulmonary function tests, and 
blood gas analysis. On the subsequent day, patients completed 
Baseline Dyspnea Index (BDI) and EuroQol visual analogue scale 
(EQ-VAS) measurements and performed the 6MWT. On day 3, 
patients started the PR program. On the last day before discharge, 
they underwent the final assessments. The differences between ini-
tial and final values were calculated.

  Subjects 
 We examined 135 patients with non-CF bronchiectasis who at-

tended an inpatient PR program. All patients had a primary diag-
nosis of non-CF bronchiectasis, involving more than one pulmo-
nary lobe, confirmed by high-resolution computed tomography. 
Age, gender, smoking history, BMI, and the number of exacerba-
tions in the previous year were registered. Patients with a diagnosis 
of COPD or a smoking history of  ≥ 10 pack-years were excluded. 
Patients with an acute exacerbation over the previous 4 weeks were 
excluded, as well as patients who were not able to perform the 
6MWT. Patients who did not complete the PR program for inter-
current exacerbations or any unstable medical conditions were 
also excluded. Contraindications for the participation in the PR 
program included musculoskeletal disorders, malignant diseases, 
and unstable cardiac condition.

  In all patients, the clinical and functional assessments had been 
undertaken for clinical reasons at the request of the patient’s clini-
cian. The data used in the study are related to the patients who gave 
their consent to the use of data for research purposes and were 
analyzed and reported anonymously. No extramural funding was 
used to support this study. 

  The study was approved by the Institutional Review Board of 
the IRCCS Rehabilitation Institute of Tradate, Salvatore Maugeri 
Foundation, Tradate, Italy.
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  Pulmonary Function Tests and Arterial Blood Gas Analysis 
 Vital capacity (VC), forced expiratory volume in 1 s (FEV 1 ), 

total lung capacity (TLC), and residual volume (RV) were mea-
sured by means of a flow-sensing spirometer and a body plethys-
mograph connected to a computer for data analysis (Masterlab; 
Jaeger, Würzburg, Germany). The transfer factor of the lung for 
carbon monoxide   (T LCO ) was measured by the single-breath 
method using a mixture of carbon monoxide and methane (Sensor 
Medics, Yorba Linda, Calif., USA). VC, FEV 1 , TLC, RV, and T LCO  
were expressed as a percentage of the predicted values, which were 
obtained from regression equations by Quanjer et al.  [16]  and 
Cotes et al.  [17] . FEV 1 /VC and RV/TLC ratios were taken as indi-
ces of airway obstruction and lung hyperinflation, respectively.

  Arterial partial pressure of oxygen and arterial partial pressure 
of carbon dioxide were measured immediately after sampling from 
a puncture of the radial artery (Gas analyzer ABL 330; Radiometer, 
Copenhagen, Denmark).

  Dyspnea and Health Status 
 Dyspnea was assessed by the BDI/Transition Dyspnea Index 

(BDI/TDI)  [18] . BDI and TDI are interviewer-administered ques-
tionnaires composed of 3 categories (functional impairment, mag-
nitude of task, and magnitude of effort). The BDI allows to quan-
tify the limitation due to dyspnea at baseline, whereas the TDI is 
useful in determining the change from the baseline level. In the BDI, 
each category has 5 levels of symptom severity, from 0 to 4, where 
grade 0 corresponds to the most severe level. The category ratings 
are then summed to give a score, ranging from 0 to 12, with a lower 
score indicating a worse clinical condition. The TDI evaluates the 
change over time in each of the 3 categories. The change from base-
line status is rated according to 7 grades, ranging from –3 (major 
deterioration) to +3 (major improvement), with 0 representing no 
change. The scores of the 3 categories are then summed to obtain 
the total score of the TDI, which ranges between –9 (a larger dete-
rioration in dyspnea) and +9. Health status/HRQoL of patients was 
evaluated by the VAS component of the EQ-5D, reflecting their 
perceived health state, where 0 indicates the ‘worst imaginable 
health state’ and 100 the ‘best imaginable health state’  [19] .

  Walking Capacity 
 Walking capacity was evaluated by means of the distance cov-

ered during a 6MWT according to the American Thoracic Society 
(ATS) statement  [20] . The 6MWT was performed by all patients 
in a 30-meter indoor, level hospital corridor, under the supervision 
of a physiotherapist, according to the ATS guidelines. All patients 
received the same instructions before the walk and were encour-
aged by the physiotherapist who repeated set phrases every minute 
during the walk. A practice 6MWT was not performed. The 6-min 
walk distance (6MWD) covered during the test was recorded in 
meters. Patients were allowed to stop and rest during the test but 
were instructed to resume walking as soon as they felt able to do 
so. In all patients, the change in distance covered during 6MWT 
(Δ6MWD) after PR was recorded. Before and immediately after 
the 6MWT, patients rated the magnitude of their perceived breath-
lessness and of their leg fatigue using a modified Borg scale (0–10 
points)  [21] .

  PR Program 
 According to the international recommendations, the PR pro-

gram was completely tailored to suit the needs of the individual 

 [7] . The program consisted of 15 sessions over a 3-week period. 
To be included in the study, patients had to perform at least 12 
supervised sessions, up to a maximum of 15 sessions. Lower limb 
endurance training was the main component of the PR program. 
All patients performed sessions of 30–40 min, using a treadmill or 
cycle ergometer, depending on the clinically based choice of the 
physiotherapist and on subject preference. Exercise intensity was 
based on the initial 6MWT, and patients started their training at 
60–70% of the maximum heart rate achieved on the 6MWT. Ex-
ercises were then adjusted based on patient tolerance (at least 
weekly) with the aim of achieving a Borg dyspnea score of 3–5 
(moderate to severe). To optimize training load, supplemental ox-
ygen for patients with chronic respiratory failure and interval 
training for very compromised patients were adopted. Each ses-
sion also included supervised upper limb training; patients used 
an arm ergometer or performed calisthenic exercises holding a 
light weight. In relation to the patients’ needs, the PR program 
could also include other components, such as airway clearance 
techniques, pursed lip breathing, and exhalation on effort as well 
as forward-lean position to improve diaphragm activity and to 
optimize the recruitment of accessory muscles of respiration, and 
inspiratory muscle training using threshold loading devices. Fi-
nally, each patient participated in educational activities, individu-
ally (at least 2 times) and in groups (at least 3 times), regarding 
self-management, airway clearance techniques, adherence to 
therapy, and nutritional support. The total daily duration of ac-
tivities was 2–3 h, and the entire program was conducted in the 
hospital.

  Statistical Analysis 
 The design of the study was retrospective. Continuous data are 

reported as the mean ± standard deviation (SD), unless otherwise 
specified. The distribution of variables was assessed by means of 
the Kolmogorov-Smirnov goodness-of-fit test. Relationships be-
tween variables were assessed by Pearson’s correlation coefficient 
(r), and Spearman’s rank correlation coefficient (r s ), if appropriate. 
Comparisons between quantitative and qualitative variables were 
determined by paired and unpaired t tests, and the χ 2  test, if ap-
propriate.

  To evaluate the role of baseline characteristics in predicting PR 
efficacy, we divided the subjects into different subgroups accord-
ing to (a) gender, (b) airflow obstruction (FEV 1 /VC  ≥ 70%, n = 48; 
FEV 1 /VC <70%, n = 60), (c) pulmonary hyperinflation (RV 
 ≤ 120% pred., n = 45; RV >120% pred., n = 63), and (d) the num-
ber of exacerbations during the previous year ( ≤ 2, n = 76; >2, n = 
32).

  Both univariate and multivariate logistic analyses were per-
formed to evaluate the presence of independent predictors of ef-
ficacy of PR, which was expressed by a significant increase in 
6MWD ( ≥ 30 m)  [22] , by a significant increase in TDI ( ≥ 1 point) 
 [23] , or by a significant increase in EQ-VAS score ( ≥ 8 points) 
 [24] . 

  Correlations between baseline variables and changes after PR 
in 6MWD, dyspnea, and HRQoL were also analyzed. Finally, the 
influence on the presence of airflow obstruction, gender, and ex-
acerbations in the previous year was investigated.

  Data analyses and graphical presentations were performed us-
ing GraphPad Prism 5 (GraphPad Software, San Diego, Calif., 
USA) and SPSS version 20 (IBM, Armonk, N.Y., USA). A p value 
<0.05 was considered statistically significant.
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  Results 

 A total of 108 patients were considered eligible for the 
study. Sixty patients (56%) were receiving regular inhaled 
pharmacologic treatment (bronchodilators and cortico-
steroids) in relation to the presence of airflow obstruc-
tion. Twelve patients (11%) were under long-term oxygen 
therapy, 8 of them with airflow obstruction, and 32 pa-
tients (30%) have had >2 exacerbations in the previous 
year, 21 of them with airflow obstruction.

  The characteristics of the patients with non-CF bron-
chiectasis are reported in  table 1 . As compared to patients 
without airflow obstruction, patients with airflow ob-
struction showed a worse exercise capacity and quality of 
life (6MWD before PR, p = 0.023, and EQ-VAS score be-
fore PR, p = 0.011, respectively;  table 2 ).

  After PR, a significant improvement in 6MWD, EQ-
VAS score, and TDI was found in all patients ( table 2 ). 
The 6MWD improved by 35 ± 43 m (p < 0.0001). Dys-
pnea showed a clinically significant reduction from the 
BDI, corresponding to a change of  ≥ 1 unit in 90%. The 
EQ-VAS score improved by 15 ± 12 (p < 0.0001). As com-
pared to patients without airflow obstruction, patients 
with airflow obstruction showed a higher improvement 
in 6MWD and EQ-VAS score (p = 0.046 and p = 0.038, 
respectively). No differences were observed in BDI and 
TDI between the 2 groups ( table 2 ).

  With regard to other potential predictors of PR effi-
cacy, male patients showed a higher improvement in 
6MWD and EQ-VAS score after PR (p = 0.006 and p = 
0.043, respectively), whereas patients with >2 exacerba-
tions in the previous year showed a higher improvement 
in 6MWD after PR (p = 0.019).

  Percentages of patients with non-CF bronchiectasis 
and with a significant change in 6MWD ( ≥ 30 m) after PR, 
in relation to the presence of the independent predictors 
considered, are showed in  figure 1  (χ 2  test for trend: 17.40; 
p < 0.0001).

  Improvement in 6MWD and in EQ-VAS score was di-
rectly correlated with baseline hyperinflation (r s  = 0.26; p 
= 0.007) and the number of exacerbations in the previous 
year (r s   =  0.25; p = 0.008) and negatively with airflow ob-
struction (r s  = –0.27; p = 0.005). Moreover, a change in 
EQ-VAS score was also negatively correlated with T LCO  
(r s  = –0.32; p = 0.003;  table 3 ).

   Tables 4  and  5  show the results of the univariate and 
multivariate analyses, taking as dependent variables a 
clinically significant improvement in 6MWD, EQ-VAS 
score, and TDI, and as independent variables the baseline 
characteristics used for the defined subgroups. Both uni-
variate and multivariate analyses show that the change in 
6MWD was significantly associated with male gender, 
baseline FEV 1 /VC (subjects with FEV 1 /VC <70% had a 
greater improvement), and number of exacerbations in 

 Table 1.  Baseline characteristics of all study patients and of the 2 subgroups of patients categorized according to 
the presence of airflow obstruction

All patients 
(n = 108)

Patients with airflow 
obstruction (n = 60)

Patients without airflow 
obstruction (n = 48)

p value1

Age, years 71 ± 13 72 ± 13 70 ± 13 0.447
Females 59 (55%) 33 (55%) 26 (54%) 0.932
Current or ex-smoker 31 (29%) 18 (30%) 13 (27%) 0.905
FEV1, % pred. 76 ± 27 63 ± 23 93 ± 21 <0.001
VC, % pred. 88 ± 21 83 ± 21 94 ± 20 0.006
FEV1/VC, % 66 ± 14 56 ± 12 78 ± 5 <0.001
RV, % pred. 135 ± 43 145 ± 45 121 ± 37 0.003
TLC, % pred. 103 ± 21 106 ± 22 101 ± 19 0.227
RV/TLC, % 54 ± 15 57 ± 9 49 ± 19 0.006
TLCO, % pred. 68 ± 21 63 ± 20 75 ± 21 0.011
BMI 26 ± 5 25 ± 4 27 ± 5 0.017
PaO2, mm Hg 76 ± 8 74 ± 7 79 ± 9 0.006
PaCO2, mm Hg 38 ± 5 38 ± 6 37 ± 3 0.204
Exacerbations in the previous year 2 ± 1 2.4 ± 1.2 1.6 ± 0.7 <0.001

 Values are expressed as the mean ± SD unless indicated otherwise. PaO2 = Arterial partial pressure of oxygen; 
PaCO2 = arterial partial pressure of carbon dioxide. Comparisons between variables were determined by the 
unpaired t test and the χ2 test. 1 Patients with airflow obstruction versus patients without airflow obstruction.
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the previous year (subjects with >2 exacerbations showed 
a greater improvement). Male gender was also signifi-
cantly associated with a change in EQ-VAS score, both in 
univariate and multivariate analyses.

  Discussion 

 In this retrospective study, we examined the role of 
clinical and functional parameters at baseline in deter-
mining benefits after a 3-week PR program in 108 sub-
jects with non-CF bronchiectasis. All patients showed an 
improvement in PR outcomes. Of interest, 3 independent 
factors, male gender, airflow obstruction (FEV 1 /VC 
<70%), and frequent exacerbations in the previous year, 
were identified to be associated with clinically significant 
improvement in 6MWD and EQ-VAS score.

  The effect of PR in patients with non-CF bronchiecta-
sis has not yet been extensively investigated. Newall et al. 
 [12]  conducted the first study to assess the effects of exer-
cise training in patients with bronchiectasis; this prospec-
tive study showed that an 8-week PR program was effec-
tive in improving the exercise capacity and health status, 
regardless of the addition of inspiratory muscle training 
 [13] . In addition, two other prospective studies, based on 
an 8-week PR program for patients with non-CF bronchi-
ectasis, have recently been performed  [9, 13] . Mandal et 

al.  [13]  found that PR in addition to regular chest physio-
therapy led to significant improvement in exercise capac-
ity and HRQoL, as compared to patients practicing regu-
lar chest physiotherapy alone. Moreover, these results 
were maintained at 12 weeks after the end of PR. Simi-
larly to Mandal et al.  [13] , Lee et al.  [9]  observed short-
term improvement in PR outcomes, with a reduction in 

 Table 2. Outcome measures of PR in all study patients and in the 2 subgroups of patients categorized according 
to the presence of airflow obstruction

All patients 
(n = 108)

Patients with airflow 
obstruction (n = 60)

Patients without airflow 
obstruction (n = 48)

p 
value1

EQ-VAS score before PR 60 ± 17 56 ± 18 65 ± 15 0.011
EQ-VAS score after PR 75 ± 13 74 ± 14 77 ± 12 0.157
ΔEQ-VAS score 15 ± 12 17 ± 13 12 ± 10 0.038
6MWD before PR 443 ± 107 423 ± 121 470 ± 82 0.023
6MWD after PR 479 ± 107 465 ± 117 496 ± 91 0.141
Δ6MWD 35 ± 43 43 ± 49 26 ± 30 0.046
BDI 7.3 ± 2.9 7 ± 3.3 7.7 ± 2.3 0.261
TDI 4 ± 2.6 3.9 ± 2.7 4.2 ± 2.4 0.467
Borg dyspnea before PR 3.7 ± 2.1 4.3 ± 2.0 3 ± 1.9 0.002
Borg dyspnea after PR 2.8 ± 1.9 3 ± 2.1 2.6 ± 1.7 0.248
ΔBorg dyspnea 0.8 ± 1.8 1.2 ± 2 0.4 ± 1.3 0.022
Borg fatigue before PR 3.5 ± 2 3.8 ± 2 3.2 ± 2 0.164
Borg fatigue after PR 2.7 ± 1.7 2.8 ± 1.9 2.6 ± 1.5 0.508
ΔBorg fatigue 0.9 ± 1.9 1 ± 1.9 0.7 ± 2 0.452

Values are expressed as the mean ± SD. Δ = Change after PR in outcome measures. Comparisons between 
variables were determined by the unpaired t test. 1 Patients with airflow obstruction versus patients without 
airflow obstruction.
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  Fig. 1.  Percentage of patients with non-CF bronchiectasis and sig-
nificant change in 6MWD ( ≥ 30 m) after PR, in relation to the pres-
ence of the independent predictors considered (χ 2  test for trend: 
17.40; p < 0.0001). 
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 Table 3. Relationship between baseline variables and the change in the 3 outcomes Δ6MWD, ΔEQ-VAS score, 
and TDI after the PR program in all study patients

Δ6MWD ΔEQ-VAS score TDI

BMI n.s. n.s. n.s.
FEV1 (% pred.) rs = –0.26; p = 0.007 rs = –0.37; p < 0.0001 n.s.
VC (% pred.) rs = –0.19; p = 0.05 rs = –0.35; p = 0.0002 n.s.
FEV1/VC rs = –0.27; p = 0.005 rs = –0.27; p = 0.005 n.s.
RV (% pred.) rs = 0.26; p = 0.007 rs = 0.22; p = 0.02 n.s.
TLC (% pred.) n.s. n.s. n.s.
RV/TLC n.s. rs = 0.23; p = 0.02 n.s.
TLCO (% pred.) n.s. rs = –0.32; p = 0.003 n.s.
PaO2 (mm Hg) n.s. n.s. n.s.
PaCO2 (mm Hg) n.s. n.s. n.s.
Exacerbations in the previous year rs = 0.25; p = 0.008 rs = 0.26; p = 0.006 n.s.

Δ = Change after PR in outcome measures; n.s. = nonsignificant correlation; PaO2 = arterial partial pressure 
of oxygen; PaCO2 = arterial partial pressure of carbon dioxide.

 Table 4. Results of the univariate logistic regression analysis

6MWD EQ-VAS score  TDI

OR 95% CI OR 95% CI  OR 95% CI

Male 2.56* 1.17 – 5.60 2.83*** 1.12 – 7.15 1.18 0.35 – 4.00
FEV1/VC <70% 6** 2.78 – 12.93 1.24 0.53 – 2.90 1.94 0.56 – 6.74
RV >120% 1.08 0.49 – 2.37 1.45 0.61 – 3.40 0.86 0.26 – 2.82
Exacerbations >2 6.29** 2.32 – 17.08 1.88 0.68 – 5.18 2.54 0.53 – 12.17

OR = Odds ratio; CI = confidence interval. An increase of >29 m in the 6MWT, an increase of >7 points in 
EQ-VAS, and an increase in TDI (≥1 point) were adopted as dependent variables. Male gender, the presence of 
functional abnormalities (FEV1/VC <70% or RV >120% pred.), and frequent exacerbations in the previous year 
(>2) were taken as independent variables. * p = 0.017; ** p < 0.001; *** p = 0.024. 

 Table 5. Results of the multivariate logistic regression analysis

6MWD EQ-VAS score TDI

OR 95% CI OR 95% CI OR 95% CI

Male 2.74* 1.09 – 6.86 2.90**** 1.09 – 7.70 1.08 0.31 – 3.72
FEV1/VC <70% 2.69** 1.05 – 6.97 1.04 0.40 – 2.71 0.37 0.10 – 1.36
RV >120% 2.42 0.98 – 5.99 1.68 0.67 – 4.22 0.91 0.26 – 3.16
Exacerbations >2 3.52*** 1.17 – 10.54 1.33 0.42 – 4.16 3.68 0.69 – 19.7

OR = Odds ratio; CI = confidence interval. An increase of >29 m in the 6MWT, an increase of >7 points in 
EQ-VAS, and an increase in TDI (≥1 point) were adopted as dependent variables. Male gender, the presence of 
functional abnormalities (FEV1/VC <70% or RV >120% pred.), and frequent exacerbations in the previous year 
(>2) were taken as independent variables. * p = 0.031; ** p = 0.039; *** p = 0.025; **** p = 0.032. 
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the frequency of exacerbations over 12 months. Our study 
included patients with a similar airflow obstruction de-
gree, who also experienced significant improvements in 
exercise capacity and health status. The mean improve-
ment in the 6MWT of our study (35 m for all subjects and 
43 m for subjects with airflow obstruction) is consistent 
with that (41 m) given in the study of Lee et al.  [9]  and 
with those of the previous retrospective studies (53 and 
25 m, respectively)  [14, 15] . Of interest, the extent of im-
provement in 6MWD is similar to the minimal clinically 
important difference in COPD  [22] . Even if the clinical 
significance of the improvement in exercise capacity re-
quires confirmation in non-CF bronchiectasis, these 
findings suggest that exercise capacity improvement in 
non-CF bronchiectasis can be achieved using training 
principles similar to those applied in COPD  [7, 8] .

  In our study, a significant improvement in HRQoL 
was found after PR. We adopted the VAS component of 
the EQ-5D, a simple instrument which has been demon-
strated to be responsive to PR in COPD patients  [24, 25] . 
In this regard, given the variety of instruments used for 
the measurement of quality of life, a comparison with 
previous studies is not easy to perform: St. George’s Re-
spiratory Questionnaire     [12, 13] , Chronic Respiratory 
Disease Questionnaire   [9, 14] , and parameters without 
rating  [15] . Notably, the magnitude of improvement in 
the EQ-VAS score observed in our study is similar to that 
obtained from a large cohort of patients with COPD, ex-
ceeding the minimal clinically important difference pro-
posed for COPD  [24] . However, this finding has not yet 
been defined for non-CF bronchiectasis and needs fur-
ther study.

  The duration of the PR program might impact the ef-
fects of exercise capacity in patients with non-CF bron-
chiectasis. As compared to the majority of the previous 
studies on the effects of PR in patients with non-CF bron-
chiectasis, in our study, we adopted a shorter PR pro-
gram. Notably, 3 out of the 5 previous studies on bron-
chiectasis were conducted with a longer PR than ours, 
and the remaining 2 studies had a similar duration  [9, 14] . 
Although the ATS/ERS statement of pulmonary rehabili-
tation suggests a minimum of 20 sessions as a practice 
guideline  [26] , the same statement, and its update  [7] , re-
ports that there is no consensus on the optimal duration 
of PR. The ATS/ERS statement of 2013 also argues that 
the duration of PR can be influenced by the resources of 
the program and reimbursement issues. It is worth noting 
that there is evidence that in COPD patients, a PR of the 
same duration as ours was effective on exercise capacity 
and quality of life  [27–30] .

  In the present study, we provided the first evidence 
that patients with a more severe disease, both in terms of 
airflow obstruction and hyperinflation and the number of 
exacerbations in the previous year, showed a higher mag-
nitude of improvement in 6MWD and EQ-VAS score af-
ter PR, as compared to other patients. Similar evidence 
has been reported in patients with COPD  [24, 31, 32] . As 
well as for patients with COPD, it is conceivable that even 
patients with non-CF bronchiectasis and a poor baseline 
lung function are at risk of entering a downward spiral 
of dyspnea, sedentariness, demotivation, and, finally, 
 deconditioning  [33] . As a consequence, these decondi-
tioned and demotivated patients may have a larger capac-
ity for improvement than patients with a more preserved 
lung function and exercise capacity, and, thus, they may 
show larger improvement after exercise training.

  To date, data in the literature on the factors predictive 
of PR in patients with bronchiectasis are very scant. In a 
previous study by van Zeller et al.  [15] , determining the 
potential influence of clinical and functional baseline pa-
rameters on PR outcomes in 41 patients with bronchiec-
tasis, pulmonary function, arterial blood gases and 
6MWD were measured before and after PR. No interac-
tion between PR outcomes and gender, bacterial coloni-
zation, or exacerbations was found  [15] . In our study, 
changes in 6MWD and EQ-VAS score, but not in TDI, 
were determined by some baseline findings, i.e. male gen-
der, the presence of airflow obstruction, and a higher 
number of exacerbations in the previous year. Thus, it is 
a subject of debate whether these findings can suggest real 
pathophysiological differences in the response to PR in 
these subgroups of patients with non-CF bronchiectasis. 
The differences in results may be due, at least in part, to 
differences in patient selection, outcome measures, inter-
ventions, and the statistical methods used. Notably, we 
included 108 patients, compared to 41 examined in the 
study of van Zeller et al.  [15] , with a much wider range in 
terms of FEV 1 /VC and FEV 1 . Furthermore, there is some 
evidence of lower improvements in HRQoL after PR in 
women, as compared to men, with COPD  [34] , although 
the impact of gender-related differences in PR outcomes 
remains to be defined  [35] .

  Despite reporting original findings with a potential 
clinical significance, this study has some limitations. 
Firstly, the retrospective design might limit the validity 
of the results observed. Similarly, the absence of a control 
group and the lack of control for the assessment of con-
current etiological conditions and comorbidities might 
also limit the importance of our findings. Furthermore, 
in this study, we could not consistently collect any data 
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concerning the bacterial colonization of the bronchiec-
tasis. Interestingly, the only 2  [13, 15]  of the 5 studies 
mentioned above which reported data on colonization 
did not find any differences between patients with and 
those without colonization in terms of PR effects. Finally, 
as indicated above, the validity of a clinically significant 
change in 6MWD and EQ-VAS score already demon-
strated in COPD still needs to be established in patients 
with non-CF bronchiectasis. Given these limitations, 
further prospective, randomized, and controlled studies 
are needed.

  In conclusion, our results, even if of an exploratory 
character and not generalizable because of the single-cen-
ter nature of the study, clearly indicate that a PR program, 

in which the principles of exercise prescription were de-
rived from COPD, is a valid approach also for patients 
with non-CF bronchiectasis. In addition, in our patients, 
clinical and functional baseline features were able to par-
tially predict the response to PR in terms of exercise toler-
ance. Our findings also suggest that patients with non-CF 
bronchiectasis and severe pulmonary impairment should 
be included in rehabilitation programs, since they may 
achieve relevant results.
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